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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach and BONDIDDO magnet 

which manufacture a Sm-Fe-N system magnet. 

[0002] 

[Description of the Prior Art] As a high performance rare earth magnet, although the Sm- 
Co system magnet and the Nd-Fe-B system magnet are known, development of a new 
rare earth magnet is performed briskly in recent years. 

[0003] for example, Sm2 - Sm2 Fel7N2.3 which is the compound of Fel7 and N By 
neighboring presentation 4pils =15.4kG, Tc =470 degree C, and the radical genuine 
article nature of HA =14T are obtained, It is (BH) max of 10.5MGOe(s) as a metal 
BONDIDDO magnet which uses Zn as a binder. By being obtained and installation of N 
to Sm2 Fel7 intermetallic compound Curie temperature improves sharply. It is reported 
that thermal stability was improved Q- [ PaperNo.Sl.3 at the Sixth International 
Symposium on Magnetic Anisotropy andCoercivity ] in Rare Earth-Transition Metal 
Alloys, Pittsburgh, PA and October25, 1990. Q [ Proceedings Book:Camegie Mellon 
University, Mellon Institute, Pittsburgh, ] [ PA ] 15213 USA. 

[0004] By this report, it is Sm2 Fel7N2.3. When it mixes with Zn powder and the cold 
press of the powder is carried out, it is muO He =0.2T (iHc =2kG), but when the magnetic 
field press was carried out further, and it heat-treats at the temperature near the melting 
point of Zn and considers as a metal BONDIDDO magnet, muOHc =0.6T (iHc =6kG) are 
obtained. 

[0005] The magnet particle used for the metal BONDIDDO magnet of the above- 
mentioned report has the particle size of extent which serves as a single crystal particle 
mostly, and coercive force developmental mechanics is a new chestnut ESHON type. For 
this reason, magnetic properties tend to be influenced of the surface state of a particle. 
That is, since there is no pinning site of a magnetic domain wall into crystal grain and 
domain wall displacement happens easily with a new chestnut ESHON type magnet 
although said defect serves as a nucleus of reverse magnetic-domain generating and a 
magnetic domain wall is generated in a grain when defects, such as a minute projection, 
arise in a magnet particle front face by the mechanical shock at the time of grinding, 
oxidation of a particle, etc. and a field is impressed to the magnetization direction and the 
opposite side, coercive force is low. By the above-mentioned report, in case it considers 
as a metal BONDIDDO magnet, a magnet particle is contacted to the fused hot binder. 



the surface roughness of a magnet particle is decreased by this, generating of a magnetic 
domain wall is controlled, and it is thought that high coercive force has been acquired. 
[0006] However, a metal BONDIDDO magnet is inferior to a moldability compared with 
the resin BONDIDDO magnet which used the resin binder, and since specific gravity is 
large, Field of application will be limited. 

[0007] Moreover, (BH) max of Sm2 Fel7 magnet (BH) max of the BONDIDDO magnet 
predicted from about 59 MGOe(s) which are theoretical values (BH) max of the metal 
BONDIDDO magnet shown in the above-mentioned report compared with being about 
40 MGOe(s) It is low and especially coercive force is low. 

[0008] Such a situation to this invention persons are R (however, R is one or more sorts 
of elements chosen from rare earth elements) previously. Sm is included as an essential 
element. N and T (however, T is Fe, or Fe and Co.) The magnet powder which consists of 
a magnet particle to contain, and by which the metaled enveloping layer is formed in the 
front face. The resin BONDIDDO magnet which distributed this magnet powder in the 
resin binder is proposed (Japanese Patent Application No. No. 139640 [ three to ]). 
Coercive force is high like a metal BONDIDDO magnet, and it is indicating that a resin 
BONDIDDO magnet with a good moldability is moreover obtained compared with a 
metal BONDIDDO magnet. Moreover, when the mixture section which contains a 
magnet particle configuration element in a part of enveloping layer [ at least ] of the 
perimeter of a magnet particle is formed, since the defect of a magnet particle front face 
is restored good, the purport from which very high coercive force is acquired is indicated. 
[0009] Moreover, this invention persons have also proposed the metal BONDIDDO 
magnet which has the same mixture section as the above-mentioned proposal (Japanese 
Patent Application No. No. 139641 [ three to ], 3-139642). 

[0010] The magnet particle used for manufacture of the various magnets of a Sm-Fe-N 
system is manufactured by pulverizing, after carrying out coarse grinding of the hardener 
ingot and performing nitriding treatment subsequently. 
[0011] 

[Problem(s) to be Solved by the Invention] Since high coercive force is acquired with a 
Sm-Fe-N system magnet in particle diameter which serves as a single domain, at a 
pulverizing process, it is the particle diameter of 1 micrometer. It is ground forward and 
backward. However, the particle obtained by pulverizing has a very small path, and since 
magnetization and coercive force have moreover occurred, powerfiil condensation will 
produce it. 

[0012] For this reason, since it cannot pulverize efficiently and particle diameter does not 
gather, particle size distribution will spread. For example, although a classification and 
grinding are performed to coincidence in a jet mill, a particle with magnetization and 
coercive force will adhere to a big and rough particle, and will not be classified, but will 
be ground still more finely. Moreover, grinding efficient for condensation cannot be 
performed, but while the time amount which grinding takes becomes long, the rate of a 
big and rough particle will increase. And a classification is impossible because of 
condensation. 

[0013] Since the coercive force of magnet particle each does not gather with the large 
magnet powder of particle size distribution, it is Hk. It will become low. Hk It is external 
magnetic field reinforcement in case the flux density in the 2nd quadrant of the magnetic 
hysteresis loop turns into 90% of a residual magnetic flux density, and is Hk. If low, a 



high energy product will not be acquired, 

[0014] This invention is Hk containing the magnet powder to which particle diameter 
was equal for the purpose of obtaining the magnet powder to which particle diameter was 
equal by being made from such a situation, and suppressing condensation of the particle 
at the time of pulverizing and classification of pulverizing powder, in case the magnet 
containing Sm, Fe, and N is manufactured. It aims at offering a high BONDIDDO 
magnet. 
[0015] 

[Means for Solving the Problem] 

[0016] Such a purpose is attained by this invention of following the (1) - (6). 
(1) R (however, R is one or more sorts of elements chosen from rare earth elements) Sm 
is included as an essential element. 0.5-25 atom % content of five to 15 atom % and N is 
done, and the remainder is T (however, T is Fe, or Fe and Co.). it is - with the coarse- 
grinding process which is the approach of manufacturing a magnet, carries out coarse 
grinding of the hardener containing R and T, and obtains an alloy particle The 
manufacture approach of the magnet characterized by having the nitriding process which 
performs nitriding treatment to an alloy particle and obtains a nitriding particle, and the 
pulverizing process which pulverizes said nitriding particle and obtains a magnet particle, 
and keeping the temperature of said magnet particle at 300-650 degrees C in the case of 
the classification after pulverizing of said nitriding particle, and/or pulverizing. 
[0017] (2) R (however, R is one or more sorts of elements chosen from rare earth 
elements) Sm is included as an essential element. 0.5-25 atom % content of five to 15 
atom % and N is done, and the remainder is T (however, T is Fe, or Fe and Co.). it is - 
with the coarse-grinding process which is the approach of manufacturing a magnet, 
carries out coarse grinding of the hardener containing R and T, and obtains an alloy 
particle It has the nitriding process which performs nitriding treatment to an alloy particle 
and obtains a nitriding particle, and the pulverizing process which pulverizes said 
nitriding particle and obtains a magnet particle, and is Tc about the Curie temperature of 
said magnet particle. When it carries out. The manufacture approach of the magnet 
characterized by keeping the temperature of said magnet particle at less than [ Tc**60 
degree C ] in the case of the classification after pulverizing of said nitriding particle, 
and/or pulverizing. 

[0018] (3) The above (1) which has the process which forms a metaled enveloping layer 
in a part of front face [ at least ] of said magnet particle, or the manufacture approach of a 
magnet given in (2). 

[0019] (4) The above (1) which has the process which distributes said magnet particle in 
resin or a metal binder, and produces a BONDIDDO magnet thru/or the manufacture 
approach of a magnet given in either of (3). 

[0020] (5) It is the BONDIDDO magnet with which it carried out and the magnet particle 
whose remainder is T (however, T is Fe, or Fe and Co.) was distributed in the binder 0.5- 
25 atom % content about five to 15 atom %, and N in R (however, R is one or more sorts 
of elements chosen from rare earth elements, and contains Sm as an essential element.), 
and the standard deviation of the particle diameter of a magnet particle is 1.0 
micrometers. BONDIDDO magnet characterized by being the following. 
[0021] (6) A BONDIDDO magnet given in the above (5) by which said magnet particle 
is manufactured by the approach the above (1) thru/or given in either of (4). 



[0022] 

[Function] In this invention, after nitriding, in case [ in which it pulverizes ] it classifies 
in the case, the temperature of a magnet particle is maintained at from near Curie 
temperature before the emission temperature of nitrogen. Since magnetization and 
coercive force of a magnet particle become very small by this or it disappears, 
condensation of a magnet particle is prevented in the case of pulverizing or a 
classification, and a set and high magnetic properties are acquired for the particle 
diameter after pulverizing and classification. Moreover, since condensation is prevented, 
the efficiency of comminution becomes high. 

[0023] The magnet particle manufactured by this invention makes the alloy particle of 
Sm2 17 (Fe, Co) system contain nitrogen (N). Since this magnet particle contains N, its 
Curie temperature is high, and it is excellent in thermal stability. Moreover, by containing 
N, high saturation magnetization is obtained, anisotropy energy also improves and high 
coercive force is acquired. It is thought that the improvement in magnetic properties is 
because the distance of Fe atoms and the distance of Fe atom and a rare earth metal atom 
are optimized when N carries out dissolution of an invasion mold to the specific location 
of a crystal lattice. 
[0024] 

[Elements of the Invention] Hereafter, the concrete configuration of this invention is 
explained to a detail. 

[0025] The magnet particle contained in the magnet manufactured by <magnet 
presentation> this invention contains R, N, and T. 

[0026] R is one or more sorts of the rare earth elements of Sm independence or Sm, and 
others. As rare earth elements other than Sm, Y, La, Ce, Pr, Nd, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb, Lu, etc. are mentioned, for example. Since a crystal magnetic anisotropy will fall 
if there are too many rare earth elements other than Sm, as for rare earth elements other 
than Sm, it is desirable to carry out to 70% or less of R. the content of R - five to 15 
atom % — it considers as seven to 14 atom % preferably. It is coercive force that the 
content of R is said under range. iHc If it falls and said range is exceeded, it is a residual 
magnetic flux density Br. It will fall. 

[0027] the content of N ~ 0.5 to 25 atom % - it considers as five to 20 atom % 
preferably. It is good also as a configuration which changes to a part of N and contains C 
and/or Si in this invention. In this case, the content of N is more than 0.5 atom %, and the 
sum total content of N, C, and Si is below 25 atom %. It is Br if the rise of Curie 
temperature and improvement in saturation magnetization are inadequate if the content of 
N becomes said under range, and the sum total content of N, C, and Si exceeds said 
range. It falls. C and/or Si which change to a part of N and are contained show saturation 
magnetization, coercive force, and the improvement effectiveness in Curie temperature. 
Although there is especially no minimum of the sum total content of C and Si, if sum 
total content is more than 0.25 atom %, the above mentioned effectiveness will fully be 
demonstrated. 

[0028] In addition, although a magnetic Curie temperature changes with presentations, 
and it becomes high when there are many contents of Co, it is about 430-650 degrees C. 
[0029] T is Fe, or Fe and Co, and, as for especially the content of Fe in T, it is desirable 
that it is more than 30 atom % more than 20 atom %. It is Br if the content of Fe in T 
becomes said under range. It falls. In addition, especially the upper limit of Fe content in 



T is Br if 80 atom % is exceeded, although there is nothing. It is in the inclination to fall. 
[0030] In the magnet, elements other than the above of Mn, nickel, Zn, etc. may contain. 
As for the content of these elements, it is desirable to consider as 3 or less % of the 
weight. Moreover, although elements, such as B, O, P, and S, may contain, as for the 
content of these elements, it is desirable to consider as 2 or less % of the weight. 
[0031] In addition, a magnet mainly has the crystal stracture of the rhombohedral system 
of Th2 Znl7 mold. 

[0032] The manufacture approach of <manufacture approach> this invention has the 
coarse-grinding process which carries out coarse grinding of the hardener containing R 
and T, and obtains an alloy particle, the nitriding process which performs nitriding 
treatment to an alloy particle and obtains a nitriding particle, and the pulverizing process 
which pulverizes said nitriding particle and obtains a magnet particle. 
[0033] Manufacture approach each raw material metal and alloy of an alloy particle are 
mixed, by subsequently dissolving and casting mixture, a hardener ingot is manufactured, 
coarse grinding of the hardener ingot is carried out further, and an alloy particle is 
manufactured. What is necessary is just to choose the presentation of a hardener ingot 
suitably so that the magnet of the above-mentioned presentation may be obtained, 
[0034] As for especially the diameter of crystal grain of a hardener ingot, it is desirable to 
consider as a dimension from which a single crystal particle is obtained by pulverizing 
which it is not limited but is mentioned later. 

[0035] Next, solution treatment is performed to a hardener ingot if needed. Solution 
treatment is performed in order to erase an unusual appearance and to raise the 
homogeneity of an ingot. Although especially the conditions of solution treatment are not 
limited, it is usually desirable to make processing temperature into 1000-1200 degrees C, 
and to make 900-1250 degrees C especially of processing times into about 0.5 - 60 hours. 
In addition, although solution treatment can be performed in various ambient 
atmospheres, it is desirable to carry out by non-oxidizing atmospheres, such as an inert 
gas ambient atmosphere, the reducing atmosphere, and the vacuum middle class. 
[0036] Subsequently, coarse grinding of the hardener ingot is carried out, and it considers 
as an alloy particle. Especially the mean particle diameter of an alloy particle is 2 
micrometers preferably about the mean particle diameter of an alloy particle, in order to 
acquire sufficient oxidation resistance, although not limited. It is 5 micrometers more 
preferably above. It is 10 micrometers still more preferably above. It is good to consider 
as the above and it is 1000 micrometers. It is especially 200 micrometers below extent. 
Considering as the following is desirable. 

[0037] Especially a grinding means is not limited but should just use the various usual 
grinders. 

[0038] In addition, in this invention, mean particle diameter means the weighted mean 
particle diameter D50 called for according to the screen. The weighted mean particle 
diameter D50 is particle diameter when weight is added from the small particle of a path 
and the sum total weight turns into 50% of the sum total weight of all particles. 
[0039] By the manufacture approach following ** of a nitriding particle, perform 
nitriding treatment to an alloy particle, N is made to dissolve, and it considers as a 
nitriding particle. This nitriding treatment heat-treats to an alloy particle in nitrogen-gas- 
atmosphere mind, and, thereby, nitrogen is absorbed by the alloy particle. In order to 
make N dissolve as described above, it is desirable to perform nitriding treatment on 



condition that the following. As for especially retention temperature, it is desirable to 
consider as about 450-650 degrees C 400-700 degrees C- As for especially the 
temperature holding time, it is desirable to consider as about 2 - 100 hours for 0.5 to 200 
hours. 

[0040] In addition, if a nitriding treatment process is presented without carrying out 
occlusion of the hydrogen to a hardener ingot, producing grinding or a crack, and 
exposing an alloy particle to atmospheric air further, since generating of the oxide film on 
the front face of a particle can be suppressed, high reactivity is acquired in the case of 
nitriding treatment. 

[0041] Moreover, a detailed gas passageway is formed into an alloy by carrying out 
occlusion of the hydrogen to an alloy, and since nitrogen invades to the deep part of an 
alloy through this gas passageway in case it is the continuing nitriding treatment, it 
becomes possible to make N dissolve easily. Moreover, for this reason, it can become 
possible to nitride an alloy particle with a big dimension, and the oxidation resistance of 
an alloy particle or a nitriding particle can be raised. For example, it becomes possible to 
nitride, even if it is the alloy particle in which the field whose distance to a front face is 
0.25nMn or more and 5 moremm or more exists. However, in order to nitride to 
homogeneity, it is desirable to use the alloy particle of the dimension and the 
configuration where the part into which the distance from a front face exceeds 15mm 
does not exist. 

[0042] By heat-treating hydrogen absorption processing in a hydrogen gas ambient 
atmosphere, occlusion of the hydrogen is carried out to an alloy, as for especially the heat 
treatment temperature at this time, it is desirable to consider as 100-300 degrees C 350 
degrees C or less, and, as for especially the temperature holding time, considering as 1 - 
10 hours is desirable for 0.5 to 24 hours. Moreover, as for especially the pressure of 
hydrogen gas, it is desirable to consider as 0.5 to 2 atmospheric pressure 0.1 to 10 
atmospheric pressure. 

[0043] The ambient atmosphere in the case of hydrogen absorption may be a mixed 
ambient atmosphere of hydrogen gas, hydrogen gas, and inert gas. As inert gas in this 
case, helium, Ar(s), or these mixed gas is desirable, for example. 
[0044] When hydrogen absorption processing is performed before nitriding treatment, 
retention temperature in the case of nitriding treatment can be made low, and 350-650 
degrees C can be especially nitrided at 400-550 degrees C. However, as for the 
temperature in this case, it is desirable that it is higher than the temperature of hydrogen 
absorption processing. 

[0045] In addition, in order to make productivity high, it is desirable after hydrogen 
absorption processing to continue without making hydrogen emit from an alloy, and to 
perform nitriding treatment. In this case, since the hydrogen in an alloy is emitted from 
an alloy by heating in the case of nitriding treatment, hydrogen is not substantially 
contained in a nitriding particle, but it can store within limits which described hydrogen 
content above. 

[0046] However, hydrogen may be made to emit from an alloy after hydrogen absorption 
processing, and, subsequently nitriding treatment may be performed. In this case, 
hydrogen can be made to emit from an alloy by heat-treating in a reduced pressure 
ambient atmosphere into the alloy which is carrying out occlusion of the hydrogen. As 
for the heat treatment temperature in this case, it is desirable to consider as 200-400 



degrees C, and, as for the temperature holding time, considering as 0.5 - 2 hours is 
desirable. Moreover, as for especially a pressure, it is desirable to be referred to as 1x10 
to 3 or less Torrs 1x10 to 2 or less Torrs, and it is desirable to heat-treat in Ar gas 
ambient atmosphere. 

[0047] In order to equalize the nitrogen atom distribution in a nitriding particle, it is 
desirable to heat-treat to a nitriding particle in non-oxidizing atmospheres, such as Ar 
ambient atmosphere. As for the temperature in the case of this heat treatment, it is 
desirable to make it higher than the temperature when carrying out nitriding treatment of 
the alloy particle. It is higher than the temperature at the time of nitriding treatment 20 
degrees C or more, and, specifically, it is desirable to consider as about 700 degrees C or 
less so that a decomposition reaction may not advance. Moreover, in order to make 
nitrogen atom distribution into homogeneity more, the distance from a front face is 30 
micrometers. It is desirable to use the nitriding particle in which the field which exceeds 
does not exist. By heat-treating on such conditions, the ratio of surface nitrogen atom 
concentration and main nitrogen atom concentration can consider as the nitriding particle 
which is about [ 0.80 or more ]. In addition, the nitrogen atom distribution in a nitriding 
particle can be checked by EPMA etc. 

[0048] Since a magnet particle grinds a nitriding particle and is manufactured, by 
equalizing nitrogen atom distribution of a nitriding particle, the magnet particle to which 
the nitrogen content was equal, i.e., the magnet particle to which coercive force was 
equal, is obtained, consequently the high magnet of a remanence ratio realizes it. 
[0049] The manufacture approach of a magnet particle, next a nitriding particle are 
ground, and it considers as the magnet particle of a single crystal mostly. 
[0050] In this invention, a magnet particle is heated so that it may disappear [ whether 
magnetization and coercive force become remarkably small in the case of the 
classification after pulverizing of a nitriding particle, and/or pulverizing, and ]. As for 
especially the temperature of the magnet particle at this time, it is usually desirable to 
consider as about 350-500 degrees C 300-650 degrees C. However, Curie-temperature Tc 
of a magnet particle Since it changes with presentations as described above, it is desirable 
to maintain at a temperature requirement where it is less than [ Tc**60 degree C ] 
preferably, and the decomposition reaction of nitrogen does not advance remarkably 
according to the presentation of a magnet particle. 

[0051] Although what is necessary is for there to be especially no limit and just to use the 
various usual grinders, if a pulverizing means can maintain the temperature of a magnet 
particle at the above-mentioned range, an air-current type grinder, the grinder using the 
medium for grinding, etc. can be used preferably, for example. 

[0052] It is desirable to use a jet mill as an air-current type grinder. Generally a jet mill is 
classified into the jet mill using the fluid bed, the jet mill using a vortex, the jet mill using 
a collision plate, etc. In this invention, although these any may be used, since a hot 
particle tends to adhere to a collision plate in the jet mill using a collision plate, jet mills 
other than this are used preferably. 

[0053] When using an air-current type grinder, the hot air current which can hold the 
magnet particle which are a nitriding particle and its grinding object to the temperature of 
the above-mentioned range is passed in equipment. Since it is detailed, the temperature 
up of the particle is promptly carried out to the same temperature as an air current. Since 
the ground particle is held at an elevated temperature, and magnetization and coercive 



force are lost or magnetization and coercive force become very low, condensation of a 
particle is prevented and the magnet particle to which grinding was efficiently performed 
and the path was equal is obtained for a short time. In a jet mill, the classification means 
is established in equipment, the particles to which particle diameter became smaller than 
the predetermined range are collected out of equipment, and grinding is usually again 
presented with the particle with inadequate grinding. Since condensation of a particle 
does not arise in the case of this classification, the particles which became small to the 
predetermined range are collected without adhering to a big and rough particle, and 
become good [ the set of particle diameter ]. 

[0054] As a grinder using the medium for grinding, attritor (attrition mill), a ball mill, a 
vibration mill, etc. are desirable. In these grinders, it grinds by enclosing a ground object 
into a container with the shape of a ball, and the medium for grinding of cylindrical **, 
rotating thru/or vibrating a container or stirring the medium for grinding, and a ground 
object with the impeller in a container. It is desirable to consider as the configuration 
which heats a container from the outside and holds a magnet particle to the temperature 
of the above-mentioned range in these grinders. Condensation of a particle is prevented 
by this heating and the magnet particle to which the path was equal is obtained. Among 
these grinders, since a container rotates, thru/or attritor does not need to vibrate it, heating 
of a container is easy for it. In addition, in these grinders, dry grinding is usually 
performed. 

[0055] Moreover, in this invention, it pulverizes without heating a nitriding particle, and 
you may classify, holding the obtained magnet particle to the above-mentioned 
temperature requirement. Since a magnet particle does not condense in this case, either, 
an exact classification becomes possible. Although there is especially no limit in the 
classification means to be used, since the mean particle diameter of a magnet particle is 
very small as mentioned above, it is desirable to use the classification means using the 
wind force and centrifugal force of a cyclone etc. What is necessary is just to set up the 
temperature of the air current introduced like the above-mentioned air-current type 
grinder so that the temperature of a magnet particle may serve as the above-mentioned 
range with the classification means using a wind force. 

[0056] Moreover, in this invention, after pulverizing by holding the temperature of a 
nitriding particle and a magnet particle in the above-mentioned range, you may classify, 
heating a magnet particle further if needed. In this case, since the magnet particle to 
which the path was equal is classified, the very uniform magnet particle of a path is 
obtained with the sufficient yield. 

[0057] In addition, it is desirable to classify on the occasion of a classification, so that it 
may become three partitions, and to use the magnet particle of a central partition. Since 
the magnet particle by the side of fines has many oxygen contents, its magnetic properties 
are low, and high coercive force is not acquired by the magnet particle by the side of 
coarse powder. 

[0058] In order to prevent oxidation of a magnet particle, as for pulverizing or a 
classification, it is desirable to carry out in non-oxidizing atmospheres, such as Ar and 
nitrogen, and a vacuum. Nitriding of a particle is possible by introducing a hot nitrogen 
air current in equipment in an air-current type grinder. Since the fracture surface which 
appears by grinding is extremely rich in reactivity, nitriding of a particle advances for a 
short time. For this reason, it becomes unnecessary to nitride an alloy particle completely 



in a nitriding process, and the duration of a nitriding process can be shortened. Moreover, 
even when using the grinder using the medium for grinding, it is possible by making the 
inside of a container into nitrogen-gas-atmosphere mind to advance nitriding. In this case, 
if the nitrogen of one atmospheric pressure is introduced in a container, and is sealed and 
a container is heated, the internal pressure of a container will rise and efficient nitriding 
will be attained. Moreover, if nitrogen gas is introduced into the classification inside of a 
plane in case it classifies with a cyclone etc., nitriding can be advanced too. 
[0059] What is necessary is not to limit especially the mean particle diameter of a magnet 
particle, but just to determine it suitably according to an application so that desired 
coercive force may be acquired. For example, the particle diameter of extent which 
serves as a single domain in applying to a resin BONDIDDO magnet, for example, 0.5- 
10 micrometers. It grinds even to extent. Moreover, when preparing the metallic-coating 
layer later mentioned on a magnet particle front face and applying to a resin BONDIDDO 
magnet, or when applying to a metal BONDIDDO magnet, even if it does not necessarily 
grind to the particle diameter used as a single domain, required coercive force is acquired. 
3-50 micrometers in these cases What is necessary is just to consider as the mean particle 
diameter of extent. 

[0060] At the magnet particle manufactured as mentioned above, it is 1.0 micrometers 
about the standard deviation of particle diameter. It is especially 0.5 micrometers 
hereafter. It can be made below. The standard deviation of the particle diameter in this 
case is the following, and is made and computed. 

[0061] First, magnet powder is enclosed into resin. Next, resin is cut and ground and a 
photograph of the cross section is taken with a scanning electron microscope etc. In the 
acquired photograph, two or more parallel lines are drawn at equal intervals mutually. 
Spacing of adjacent lines determines that two lines will not lap with the same magnet 
particle. In addition, the direction of a line is arbitrary and good. Although the profile and 
line of a magnet particle cross at two places, they make distance during these 
intersections magnet particle diameter. 

[0062] Thus, preferably, the particle diameter of 500 or more magnet particles is 
measured more preferably, and it asks for 200 or more standard deviation of particle 
diameter. When measurement particle numbers run short, particle diameter is measured 
about two or more photographs. 

[0063] In addition, the resin BONDIDDO magnet metallurgy group BONDIDDO magnet 
mentioned later may be cut, and you may ask for standard deviation like the above. 
[0064] <BONDIDDO magnet> The magnet particle manufactured as mentioned above is 
usually applied to various BONDIDDO magnets. Although a magnet particle is the 
magnet which has the configuration distributed in the binder and a BONDIDDO magnet 
has a resin BONDIDDO magnet using resin as a binder, a conunon metal BONDIDDO 
magnet using a metal as a binder, etc., the above-mentioned magnet particle is suitable 
for these all. 

[0065] When applying a magnet particle to a BONDIDDO magnet, as for a magnet 
particle, it is desirable that it is the particle size of extent which serves as a single crystal 
particle mostly. However, since the coercive force developmental mechanics of the 
above-mentioned magnet particle is a new chestnut ESHON type, magnetic properties 
tend to be influenced of the surface state of a particle. That is, since there is no pinning 
site of a magnetic domain wall into crystal grain and domain wall displacement happens 



easily with a new chestnut ESHON type magnet although said defect serves as a nucleus 
of reverse magnetic-domain generating and a magnetic domain wall is generated in a 
grain when defects, such as a minute projection, arise in a magnet particle front face by 
the mechanical shock at the time of grinding, oxidation of a particle, etc. and a field is 
impressed to the magnetization direction and the opposite side, high coercive force is not 
acquired. 

[0066] With a metal BONDIDDO magnet, in order that surface discontinuity, such as a 
projection which exists in a magnet particle front face in order to contact the hot binder 
which the magnet particle front face fused at the time of manufacture, may be graduated 
and surface roughness may decrease, the nucleus of reverse magnetic-domain generating 
decreases, and high coercive force is acquired. 

[0067] Moreover, if the magnet particle which has such an enveloping layer is distributed 
in a resin binder since the surface discontinuity of a magnet particle is restorable also 
when a metaled enveloping layer is formed in a magnet particle front face, it is possible 
to acquire high coercive force also in a resin BONDIDDO magnet. 
[0068] And when the mixture section containing the element which constitutes a magnet 
particle is formed in the binder of the perimeter of a magnet particle, or the enveloping 
layer of the perimeter of a magnet particle, very high coercive force is acquired. 
[0069] This mixture section is formed when the element and magnet particle 
configuration element which constitute a binder and an enveloping layer are spread 
mutually, and magnet particles differ in a magnetic property. Since surface discontinuity, 
such as a projection leading to the surface roughness of a magnet particle, becomes a part 
of mixture section by the above-mentioned counter diffusion and a magnet particle is 
isolated magnetically, the substantial surface roughness of a magnet particle front face 
becomes very small, and is considered that the nucleus of reverse magnetic-domain 
generating decreases remarkably, and very high coercive force is acquired. 
[0070] However, in this invention, since there is little surface discontinuity of a magnet 
particle, even when pulverizing can be managed in a short time, and not preparing a 
metaled enveloping layer, the resin BONDIDDO magnet of good magnetic properties is 
obtained. 

[0071] Hereafter, these BONDIDDO magnets are explained to a detail. 

[0072] When applying to a <resin BONDIDDO magnet> enveloping layer resin 

BONDIDDO magnet, it is desirable to form an enveloping layer which was described 

above. 

[0073] If the metal which constitutes an enveloping layer can be covered on a magnet 
particle front face and the defect of a magnet particle front face can be restored, there will 
be especially no limit. However, it is desirable to choose the metal with which the 
mixture section later mentioned between an enveloping layer and a magnet particle may 
be formed. 

[0074] As such a metal, the metal simple substance, alloy, and intermetallic compound 
whose melting point is about 150-500 degrees C are desirable, for example, Zn, Sn, Pb, 
Mg-Ba, Ba-Pb, Bi and In, Bi-Li, nickel-Ce, Ce-Ga, Ce-Zn, etc. are mentioned. Zn or Sn 
is [ especially among these ] desirable. 

[0075] An enveloping layer does not need to be continuation film which has covered the 
magnet particle all front face. That is, since the magnet particle which has the above- 
mentioned presentation has large crystal anisotropy energy, if the enveloping layer has 



covered 70% or more of the front face preferably even if [ a part of ] there are few 
magnet particle front faces, sufficient improvement effectiveness in coercive force will 
realize it. 

[0076] The thickness of an enveloping layer is 0.1 micrometers for the improvement in 
coercive force. It is especially 0.5 micrometers above. It is desirable that it is above. 
Moreover, especially the upper limit of the thickness of an enveloping layer is usually 25 
micrometers, in order to make high the filling factor of the magnet particle when 
considering as a resin BONDIDDO magnet and to obtain a good moldability at the time 
of resin BONDIDDO magnet manufacture, although there is nothing. Considering as the 
following is desirable. 

[0077] Moreover, as for the ratio of the enveloping layer to the sum total of a magnet 
particle and an enveloping layer, it is desirable that it is 0.5 to 15 volume %. If it is 
difficult to make thickness of an enveloping layer into the above-mentioned range for the 
ratio of an enveloping layer to be said under range and it exceeds said range, when it 
applies to a resin BONDIDDO magnet, it will become difficult to make a magnet particle 
filling factor high, and a moldability will also fall. 

[0078] It is desirable that the mixture section containing a magnet particle configuration 
element is formed in a part of mixture section enveloping layer [ at least ]. The mixture 
section is formed when a magnet particle configuration element and an enveloping layer 
configuration element are spread mutually, and it exists in the perimeter of a magnet 
particle. By existence of this mixture section, degradation of coercive force improves 
remarkably. 

[0079] In the mixture section, T and/or R especially Fe, and/or Sm usually contain at 
least among magnet particle configuration elements. As for a magnet particle 
configuration element and an enveloping layer configuration element, existing as an 
intermetallic compound is desirable, and it is desirable that the intermetallic compound of 
T of a magnet particle and an enveloping layer configuration element is especially 
contained in the mixture section. For example, it is desirable that intermetallic 
compounds, such as Zn7 Fe3, Zn9 Fel, and Sm2 Znl7, contain in the mixture section 
when an enveloping layer consists of Zn, and it is especially Zn7 Fe3. Zn9 Fel 
Containing is desirable. 

[0080] The thickness of the mixture section is 0.05 micrometers in order to acquire high 
coercive force. It is desirable above that it is especially 0.5 micrometers or more. 
Moreover, especially the upper limit of the thickness of the mixture section is 10 
micrometers in order to obtain high saturation magnetization, although it may not be and 
the whole enveloping layer may serve as the mixture section. It is desirable that it is the 
following. 

[0081] In addition, when it contacts mutually, and two or more magnet particles 
aggregated-particle-ize and exist in an enveloping layer, the mixture section will exist in 
the perimeter of an aggregated particle. 

[0082] A presentation and thickness of the mixture section can be measured by the X 
diffraction, electron ray probe microanalyzer (EPMA), etc. In addition, let thickness of 
the mixture section be the thickness of the field whose content of a magnet particle 
configuration element is ten to 90 atom % in this specification. 
[0083] Although the presentation of the magnet particle before enveloping layer 
formation should just be suitably chosen so that it may become the range which the 



presentation of the magnet particle after enveloping layer formation mentioned above, in 

order to make easy formation of the mixture section mentioned above and to raise 

magnetic properties, especially saturation magnetization, it is desirable to deflect the 

presentation of the magnet particle before enveloping layer formation from the 

stoichiometric composition expressed with R2 T17. In this case, since it becomes easy to 

diffuse a rich element in an enveloping layer to stoichiometric composition, the mixture 

section can be formed easily and, moreover, the presentation of the magnet particle after 

element diffusion can be made almost equal to stoichiometric composition. 

[0084] It is desirable to use the magnet particle which specifically has the presentation 

expressed with the following type (I) or the following type (II). 

[0085] Formula (I) R2 T17+aNx[0086] However, the above-mentioned formula (I) 

expresses an atomic ratio presentation, and are 0.1<=a<=3 and 3< x<=4. 

[0087] Formula (11) R2+b T17Nx[0088] However, the above-mentioned formula (n) 

expresses an atomic ratio presentation, and are 0.1<=b<=0.5 and 3< x<=4. 

[0089] In the above-mentioned formula (I), the mixture section becomes is it hard to be 

formed that a is said under range, and high saturation magnetization is not obtained. 

When a has exceeded said range, T in a magnet particle becomes superfluous to 

stoichiometric composition after mixture section formation, and a high remanence ratio is 

not obtained. 

[0090] In the above-mentioned formula (H), the mixture section becomes is it hard to be 
formed that b is said under range, and high saturation magnetization is not obtained, 
when b has exceeded said range, R in a magnet particle is superfluous to stoichiometric 
composition after mixture section formation ~ becoming — for exgunple, SmFe3 etc. — a 
compound generates and a high remanence ratio is not obtained. 
[0091] When the magnet particle which has the presentation expressed with the above- 
mentioned formula (I) is used, in an enveloping layer, T is mainly spread. Moreover, 
when the magnet particle which has the presentation expressed with the above-mentioned 
formula (II) is used, in an enveloping layer, R is mainly spread. 

[0092] What is necessary is for there to be especially no limit in the approach of forming 
an enveloping layer in an enveloping layer and the mixture section formation approach 
magnet particle front face, and just to choose it as it suitably according to the quality of 
the material of an enveloping layer etc. 

[0093] For example, an enveloping layer can be formed by various vapor growth, such as 
PVD, such as CVD methods, such as Heat CVD and plasma CVD, and vacuum 
evaporationo, a spatter, ion plating. 

[0094] Its step coverage is high, and since a CVD method can form the enveloping layer 
of almost uniform thickness in a magnet particle all front face, it is [ among these ] 
desirable. Since an enveloping layer is formed heating a magnet particle when using Heat 
CVD especially, by choosing suitably the conditions at the time of enveloping layer 
formation, an enveloping layer configuration element and a magnet particle configuration 
element are diffused mutually, and the above-mentioned mixture section can be formed 
easily. Moreover, for example, a magnet particle is laid on the heated dished object, and 
if Heat CVD is performed vibrating said dished object or making it rotate, the enveloping 
layer of homogeneity and uniform thickness can be mostly formed in a magnet particle 
front face. 

[0095] When forming an enveloping layer with Heat CVD, metal soap, such as various 



alkoxides, such as a zinc alkoxide, and zinc stearate, etc. can be used that what is 
necessary is just to use various organic metals as material gas. 

[0096] An enveloping layer can also be formed with mechanical energy. For example, the 
enveloping layer raw material particle and magnet particle containing an enveloping layer 
configuration element are mixed, and mechanical energy is given and united with these 
particles. At this time, mechanical energy is given so that the magnetic properties of a 
magnet particle may not be destroyed at least. 

[0097] Thus, as an approach of giving mechanical energy, control and the activity of 
covering conditions are easy, moreover homogeneity and the continuation film of 
uniform thickness can be formed, it is a point with easy control of thickness, and a 
mechano fusion is desirable. 

[0098] In this specification, mechano fusions are mechanical energy and the technique of 
applying especially mechanical stress and making a mechanochemical reaction causing, 
between the material particles from which plurality differs. As equipment which 
impresses such mechanical stress, there is a particulate matter processor which is 
indicated by JP,63-42728,A etc., for example, and, specifically, the mechano fusion 
system by Hosokawa Micron CORP., the Nara machine factory hybridization system, etc. 
are suitable. 

[0099] An example of mechano fusion covering equipment is shown in drawing 1 . While 
mechano fusion covering equipment 7 carries out hi^-speed rotation of the casing 8 
which put in fine particles and forms a powder bed 6 in the inner skin 81 in drawing 1 , 
they are a scraper 91 and the thing which it writes and relative rotation of the piece 95 of 
picking is carried out with casing 8, and applies compression and friction to a powder bed 
6 by the scraper 91, writes coincidence, writes with the iimer skin 81 of casing 8, and 
performs picking, distribution, and stirring by the piece 95 of picking by it. 
[0100] Although what is necessary is just to set up suitably the various conditions in the 
case of a mechano fusion according to the configuration of an enveloping layer made into 
a presentation and the purpose of an enveloping layer raw material particle, for mixing 
time, the rotational frequency of about 20 - 40 minutes and casing 8 is 800 - 2000rpm, for 
example with above equipment. Extent and temperature are made into about 15-70 
degrees C, and should just make other conditions the usual thing. Moreover, the mean 
particle diameter of an enveloping layer raw material particle is 0.5-10 micrometers. 
Considering as extent is desirable. 

[0101] By choosing various conditions suitably in such a mechano fusion, it is possible to 
form the mixture section with enveloping layer formation. 

[0102] Moreover, an enveloping layer can also be formed with liquid phase plating. What 
is necessary is just to use various kinds of electroplating, nonelectrolytic plating, etc. as 
liquid phase plating. 

[0103] In addition, when an enveloping layer is formed by the above-mentioned all 
directions method, a magnet particle may condense, but when applying to a resin 
BONDIDDO magnet, two or more magnet particles may exist in an enveloping layer that 
what is necessary is just to crack if needed. 

[0104] Even if it uses the approach of grinding the metal BONDIDDO magnet with 
which the magnet particle is distributed into the binder of a metal besides the approach of 
forming a direct enveloping layer in a magnet particle like the approach mentioned 
above, the magnet particle which has an enveloping layer can be manufactured. In this 



case, a binder serves as an enveloping layer. 

[0105] There is especially no limit in the manufacture approach of the metal 
BONDIDDO magnet ground. For example, if it heat-treats after mixing and fabricating 
the powder of the binder which consists of magnet powder which consists of a magnet 
particle, and a binder particle, a magnet particle can be combined with a binder and a 
metal BONDIDDO magnet will be obtained. 

[0106] When using this approach, 550 degrees C or less and the desirable binder which 
can combine a magnet particle below 500 degrees C are used. Moreover, especially the 
mean particle diameter of the powder of a binder is 0.5-30 micrometers, in order to mix 
with magnet powder to homogeneity, although not limited. Considering as extent is 
desirable. What is necessary is for there to be especially no limit also in a mixed means, 
for example, just to use a RAIKAI machine etc. 

[0107] Since a uniform enveloping layer becomes is hard to be obtained when the content 
of the powder of a binder was too low, and a moldability worsens and grinds, and an 
enveloping layer becomes thick too much when content was too high and it grinds 
although especially the content of the powder of the binder in the mixture of magnet 
powder and the powder of a binder is not limited, it is usually desirable to consider as two 
to 25 volume %. Although especially a shaping means is not limited, compression 
shaping is usually performed. Although there is especially no limit in the pressure at the 
time of shaping, it is usually 0.2 - 16 t/cm2. It is extent. 

[0108] In addition, in order to grind and use a metal BONDIDDO magnet in such a case, 
it is not necessary to give an anisotropy to a metal BONDIDDO magnet but, and when 
the pulverized powder which contains two or more magnet particles in an enveloping 
layer is obtained, it is desirable that the direction of an easy axis of the magnet particle of 
these plurality is carrying out orientation. Thus, what is necessary is just to perform the 
above-mentioned shaping all over a magnetic field, in order to carry out orientation. 
[0109] 550 degrees C or less of heat treatment temperature for combining a magnet 
particle with a binder are preferably made into 500 degrees C or less. If heat treatment 
temperature exceeds 550 degrees C, magnet powder will decompose, N will be emitted, 
and magnetic properties fall extremely. Although what is necessary is just to choose 
suitably according to the melting point of a binder so that there may be especially no limit 
and required viscosity may be obtained if heat treatment temperature is 550 degrees C or 
less, when the binder fused at less than 150 degrees C is used, sufficient thermal stability 
is not obtained practical. Moreover, as for the temperature holding time in the case of 
heat treatment, it is desirable to carry out for 10 minutes to about 5 hours. Although 
especially a heat treatment means is not limited, a means to heat while pressurizing is 
desirable, for example, a hotpress, plasma activated sintering (PAS), etc. are desirable. 
[0110] In addition, in case a magnet particle is combined with a binder, when using 
pressurization heating means, such as a hotpress, whether heat treatment temperature is 
below the melting point of a binder or the binder is not in the melting condition, it is 
possible to form a metal BONDIDDO magnet. 

[0111] It cools after heat treatment. In addition, if it cools all over a magnetic field, 
anisotropy-ization by the above-mentioned shaping among a magnetic field can be kept 
good. 

[0112] In this approach, the mixture section is formed at the time of heat treatment at the 
time of combining a magnet particle with a binder, and cooling. What is necessary is just 



to control suitably heat treatment, and the temperature in the case of cooling and its 
temporal response, in order to control a presentation and thickness of the mixture section 
and to acquire high coercive force. 

[0113] Moreover, in case a metal BONDIDDO magnet is manufactured, you may 
fabricate with casting. When using casting, the fluid with which magnet powder was 
distributed in the molten metal-like binder is fabricated by casting. There is especially no 
limit in the approach of producing said fluid. For example, after using the approach of 
fusing a binder and considering as the shape of a molten metal, and throwing in magnet 
powder in this and carrying out stirring mixing or mixing the powder and magnet powder 
of a binder, the approach of heating and fusing a binder may be used. 
[0114] When using the approach of throwing in magnet powder in a molten metal-like 
binder, the approach of stirring by the impeller of the quality of the materials (stainless 
steel etc.) which especially a limit does not have in the means which carries out stirring 
mixing of magnet powder and the binder, for example, does not react with a binder etc. 
can be used. 

[0115] Since a uniform enveloping layer becomes is hard to be obtained when the content 
of a binder was too low, and a moldability worsens and grinds, and an enveloping layer 
becomes thick too much when content was too high and it grinds although especially the 
content of the binder in a fluid is not limited, it is usually desirable to make content of a 
binder into ten to 40 volume %. 

[0116] Moreover, some binders may be removed after producing the above-mentioned 
fluid if needed. In order to distribute magnet powder to homogeneity in a binder, the 
binder more than a constant rate is needed, but since a high fluidity is not needed at the 
time of shaping when manufacturing the metal BONDIDDO magnet of comparatively 
simple configurations, such as tabular, the amount of binders is good at least. In using for 
resin BONDIDDO magnet manufacture, since the configurations of a metal BONDIDDO 
magnet may be massive [ simple ] and tabular, after distributing using sufficient quantity 
of a binder, even if they remove some binders, they can be fabricated, and, thereby, can 
make thickness of an enveloping layer thin. If thickness of an enveloping layer can be 
made thin, in case a resin BONDIDDO magnet is formed, the filling factor of a magnet 
particle can be made high, and, moreover, a moldability will not fall. As an approach of 
removing some binders, filtration, centrifugal separation, etc. are desirable and may use 
the approach of heating under reduced pressure and evaporating a binder, for example. 
[0117] Although it is cooled in mold and solidified, since the fluid which consists of ia 
molten metal-like binder and magnet powder can carry out orientation of the easy axis of 
a magnet particle and can obtain an anisotropy metal BONDIDDO magnet if it is made to 
solidify all over a magnetic field when the temperature which a binder solidifies is below 
the Curie temperature of magnet powder, as described above, when two or more magnet 
particles contain in an enveloping layer, improvement in magnetic properties is possible 
for it. 

[0118] 550 degrees C or less of temperature of the fluid at the time of distributing and 
casting are preferably made into 500 degrees C or less. If the temperature of a fluid 
exceeds 550 degrees C, magnet powder will decompose, N will be emitted and magnetic 
properties will fall extremely. Although what is necessary is just to choose suitably 
according to the melting point of a binder so that the viscosity which especially a limit 
does not have and is needed for casting may be obtained if the temperature of a fluid is 



550 degrees C or less, when the binder fused at less than 150 degrees C is used, sufficient 
thermal stability is not obtained practical. 

[0119] In addition, the mixture section by the counter diffusion of a magnet particle 
configuration element and a binder configuration element can be formed by choosing 
suitably the conditions at the time of distributing magnet powder in a molten metal-like 
binder, and the time of casting and cooling. 

[0120] What is necessary is for there to be especially no limit in the approach of grinding 
the metal BONDIDDO magnet manufactured by these approaches, for example, for a 
disc mill, attritor, etc. just to grind. The magnet particle which has a metaled binder as an 
enveloping layer is obtained by grinding. In addition, although it is desirable to grind so 
that one magnet particle may be contained in an enveloping layer, as mentioned above, 
two or more magnet particles may be contained. 

[0121] When the desirable mixture section is not obtained by various kinds of above- 
mentioned enveloping layer formation approaches, it is possible to form the mixture 
section or to control a presentation and thickness of the mixture section by heat-treating 
to the magnet particle which has an enveloping layer. Moreover, by the approach using a 
metal BONDIDDO magnet, such heat treatment may be performed to the metal 
BONDIDDO magnet before grinding. 

[0122] Although what is necessary is just to choose suitably conditions in which there is 
especially no limit in the retention temperature and the temperature holding time in the 
case of such heat treatment, and the mixture section effective in the improvement in 
magnetic properties is formed, it is usually 10 minutes - about 5 hours at 250-470 degrees 
C. 

[0123] In this invention, a part of enveloping layer may be removed after enveloping 
layer formation if needed. For example, when an enveloping layer is constituted from Zn, 
in the mixture section, it is Zn7 Fe3. Although contained, it is Zn and Zn7 Fe3. It is 
nonmagnetic. And since an enveloping layer should just have the operation which 
restores the surface discontinuity of a magnet particle as mentioned above, if the 
enveloping layer of the field exceeding the thickness needed for the surface making good 
of a magnet particle is removed, it will become possible to raise magnetic properties 
further, with the improvement effectiveness in coercive force maintained. Since an 
enveloping layer tends to become thick when using the approach of grinding a metal 
BONDIDDO magnet among the enveloping layer formation approaches especially 
described above, this approach is effective. 

[0124] Although especially the method of removing a part of enveloping layer is not 
limited, the approach of washing the magnet particle which has an enveloping layer with 
an alkaline solution or an acidic solution is desirable. For example, when an enveloping 
layer is constituted from Zn, since Zn is an amphoteric compound, it is easily dissolved in 
both an alkaline solution and an acidic solution. Zn7 Fe3 which is a mixture section 
constituent on the other hand It is hard to dissolve in these solutions. For this reason, only 
enveloping layers other than the mixture section are alternatively removable. Especially 
various conditions, such as pH, the temperature or washing time amount of the solution 
used for removal in part of an enveloping layer, and the washing approach, are not 
limited. Although what is necessary is just to define suitable conditions experimentally, it 
is 0.1-0.2 mols/1., for example. Na2 C03 of extent If a solution is heated at about 50-70 
degrees C, the magnet particle which has an enveloping layer in this solution is supplied 



and it stirs for 10 minutes to about 4 hours It can leave the mixture section and most 
enveloping layers can be removed. 

[0125] In addition, even when the mixture section is not formed, it is possible to remove 
as required [ in a part of enveloping layer ] by controlling dissolution time amount. 
[0126] It distributes in a resin binder and let the magnet particle which has the enveloping 
layer which is the manufacture approach above of a resin BONDIDDO magnet, and was 
made and manufactured be a resin BONDIDDO magnet. 

[0127] What is necessary is just to perform manufacture of a resin BONDIDDO magnet 
according to the usual approach. That is, after mixing first the magnet particle and resin 
binder which have an enveloping layer, it fabricates and heat-treats if needed. 
[0128] Especially a limit may not be in the shaping approach and you may be any of the 
compression BONDIDDO magnet using compression shaping, and the injection 
BONDIDDO magnet using injection shaping. 

[0129] What is necessary is for there to be especially no limit in the binder to be used, 
and just to use the various resin used for a well-known resin BONDIDDO magnet. For 
example, in the case of an injection BONDIDDO magnet, various thermoplastics, such as 
polyamide resin, should just be used for various thermosetting resin, such as an epoxy 
resin with which various curing agents were used in the case of the compression 
BONDIDDO magnet, again. In addition, especially a limit will be in the condition of the 
binder at the time of mixing. 

[0130] There is especially no limit in the mixed approach of a magnet particle and a 
binder, and any, such as the method form mixer of a level rotary drum type mixer and 
erection, an end-fire array duplex cone mold mixer, a V shaped rotary mixer, a **** 
mixer, a whorl mixer, a ribbonmixer, and an impact rotation mixer, may be used. What is 
necessary is for there to be especially no limit in the conditions of compression shaping 
or injection shaping, and just to choose it as them from well-known conditions suitably. 
[0131] In addition, in addition to the above-mentioned magnet particle and the above- 
mentioned bmder, to the resin BONDIDDO magnet, lubricant, the coupling agent, the 
plasticizer, the antioxidant, etc. may contain if needed. 

[0132] What is necessary is just to produce a metal BONDIDDO magnet by the same 
approach as the time of the above-mentioned enveloping layer formation, when applying 
the <metal BONDIDDO magnet> above-mentioned magnet particle to a metal 
BONDIDDO magnet. 
[0133] 

[Example] Hereafter, the concrete example of this invention is given. 
[0134] [Example 1] 

<Manufacture of an alloy particle> [0135] First, the hardener ingot was produced by 
high-frequency induction heating. The hardener ingot had the crystal grain of the 
rhombohedral structure of Th2 Znl7 mold, and the diameter of average crystal grain was 
about 200 micrometers. In addition, the crystal stmcture was checked with the X-ray 
diffraction method. 

[0136] Next, solution treatment was performed to the hardener ingot. Solution treatment 
was performed at 1150 degrees C in Ar gas ambient atmosphere for 16 hours. 
[0137] after solution treatment and a hardener ingot — mean particle diameter of 20 
micrometers up to — it ground and considered as the alloy particle. 
[0138] Nitriding treatment was performed to <manufacture of a nitriding particle>, next 



an alloy particle, and the nitriding particle was manufactured. Nitriding treatment is N2. 
It carried out by heat-treating at 450 degrees C in a gas ambient atmosphere for 8 hours. 
[0139] The jet mill using the <manufacture of magnet particle> fluid bed grinds a 
nitriding particle, and it is the mean particle diameter of 2 micrometers. It considered as 
the magnet particle sample. Each sample which changes the presentation of a particle and 
the temperature of the air current for grinding, and is shown in the following table 1 was 
manufactured. That to which the classification means is attached was used for the jet mill. 
In addition, the subsieve sizer of the Fischer company was used for measurement of mean 
particle diameter. Nitrogen gas is used for the gas for grinding, and it is gas pressure 7 
kgl^cm2. It was used. 

[0140] The throughput of the jet mill in the case of each sample manufacture was 
measured. For a throughput, grinding initiation to mean particle diameter is 2 
micrometers. It expressed with the amount of recovery per unit time amount until it 
becomes. 

[0141] After enclosing each sample into resin, resin was cut and ground and the scanning 
electron microscope photograph of a cross section was taken. It asked for the standard 
deviation sigma of magnet particle diameter by the approach mentioned above using the 
acquired photograph. The measurement particle number was made into 300 pieces about 
each sample. Moreover, this photograph is used and it is the particle diameter of 10 
micrometers. The ratio of the above coarse grain was computed. 
[0142] Furthermore, coercive force of these samples iHc And Hk It measured. Hk It is 
external magnetic field reinforcement in case the flux density in the 2nd quadrant of the 
magnetic hysteresis loop tums into 90% of a residual magnetic flux density, and it 
becomes such a high value and a high energy product is obtained that the coercive force 
of each magnet particle has gathered (i.e., so that particle diameter has gathered). In 
addition, magnetic properties carried out orientation of the magnet powder, and measured 
it by VSM. 

[0143] These results are shown in Table 1. In addition, the Curie temperature of each 
sample shown in Table 1 was 450-465 degrees C. 
[0144] 
[Table 1] 
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[0145] As shown in Table 1, compared with the sample ground using the gas of a room 
temperature, the efficiency of comminution by the jet mill is high, and since the ratio of 



coarse grain is low, magnetic properties are high with the sample ground using elevated- 
temperature gas. 

[0146] In addition, the nitrogen air current of a jet mill was changed to Ar air current, and 
when others manufactured the magnet particle like the above, in order to obtain the 
magnet particle of an equivalent nitrogen content, they needed to lengthen time amount 
of a nitriding process 20%. 

[0147] Sample No.2 manufactured in the [example 2] example 1 were classified by the 
cyclone classifier. The temperature of the gas introduced into a cyclone classifier is 
changed as shown in the following table 2, a classification is performed, and the mean 
particle diameter by the side of fines and coarse powder is measured about each ****, 
and they are iHc by the side of fines, and Hk. And the standard deviation sigma of 
magnet particle diameter was measured. A result is shown in Table 2. In addition, the 
classification was performed on conditions from which a fines and coarse powder side 
serves as this weight mostly. 



[0148] 
[Table 2] 
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3.0 



[0149] As shown in Table 2, when it classifies by hot gas, separation with fines and 
coarse powder becomes good, and very good magnetic properties are acquired at the fines 
side. On the other hand, when the gas of a room temperature is used, it turns out that it is 
hardly classified. 

[0150] Mean particle diameter of 2 micrometers which carries out dry grinding of the 
nitriding particle manufactured in the [example 3] example 1 by attritor, and is shown in 
Table 3 It considered as the magnet particle sample. The heater was installed in the 
container periphery of attritor and the temperature of an internal particle was controlled. 
The temperature of the container in the case of each sample manufacture, the time 
amount which grinding took, and particle diameter of 10 micrometers The ratio of the 
above coarse grain, iHc, and Hk And the standard deviation of particle diameter is shown 
in Table 3. 
[0151] 
[Table 3] 
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7 


12.5 


1.5 


4.0 



[0152] As shown in Table 3, when a container is heated, the efficiency of comminution 
becomes high, and the ratio of coarse grain becomes low, and good magnetic properties 
are acquired. 
[0153] [Example 4] 

The resin BONDIDDO magnet was produced using the magnet particle sample 
manufactured in the <manufacture of resin BONDIDDO magnet> example 1. 
[0154] First, the powder of an epoxy resin was dissolved in the organic solvent, further, 
the magnet particle was supplied in said organic solvent, and was stirred, and it 
considered as the slurry. This slurry was dried with the spray dryer and the magnet 
particle was covered with the epoxy resin. Specifically, said slurry was dried with the 
nitrogen gas of the flow rate of 50m3/10min to discharge and said slurry 1kg in the 
nitrogen gas injected by the pressure of 8 kgf^cmZ. 

[0155] Subsequently, compression shaping of the magnet particle was carried out, heat 
curing was performed further, and the resin BONDIDDO magnet was obtained. 
[0156] When coercive force was measured about these resin BONDIDDO magnets, the 
coercive force according to the used magnet particle was shown. 

[0157] <Formation of an enveloping layer> [0158] Mechanofusion method mean particle 
diameter of 1.2 micrometers The magnet powder which consists of the enveloping layer 
raw material powder and each above-mentioned magnet particle which consist of a Zn 
particle was mixed, the enveloping layer raw material particle and the magnet particle 
were united by the mechanofusion method, and the enveloping layer was formed in the 
magnet particle front face. The mechano fusion system by Hosokawa Micron CORP. 
performed the mechano fusion, and the conditions in that case were made into casing 
rotational frequency 1500rpm and processing-time 40 minutes. 

[0159] The enveloping layer was formed in the above-mentioned magnet particle front 
face with the heat CVD method, using a zinc alkoxide as heat CVD method material gas. 
On the occasion of CVD, magnet powder was laid on the heated dished object, and 
magnet powder was heated equally, giving vibration to this dished object. Temperature of 
magnet powder was made into 200 degrees C. 

[0160] Grinding mean particle diameter of 15 micrometers of a metal BONDIDDO 
magnet The mixture of the powder of a binder and the above-mentioned magnet particle 
was produced with the RAIKAI machine made from cemented carbide. Content of the 
powder of the binder in mixture was made into 12.5 volume % at the binder using Zn 



(melting point of 419 degrees C). Compression shaping of the mixture was carried out 
and pressurization heat treatment of the acquired Plastic solid was carried out with the 
hotpress. For 1 hour and retention temperature, 450 degrees C and a pressurization 
pressure are [ the press time in the case of a hotpress ] 2 8t/cm. It carried out. In addition, 
the hotpress was performed in the nitrogen gas stream of one atmospheric pressure. 
[0161] After the hotpress, it cooled and the metal BONDIDDO magnet was obtained. 
The disc mill ground this metal BONDIDDO magnet, and the magnet particle which has 
an enveloping layer was obtained. In addition, some pulverized powders had become the 
configuration in which the enveloping layer surrounded the perimeter of about ten or less 
condensed magnet particles. 

[0162] Moreover, after metal BONDIDDO magnet grinding and 70-degree C Na2 C03 
0.5 mol/1 The magnet particle which was iiiunersed in the solution and carried out 
dissolution removal of a part of enveloping layer was produced. 
[0163] It heat-treated to the magnet particle in nitrogen-gas-atmosphere mind after 
enveloping layer formation by the describing [ above ] all directions method. Heat 
treatment was performed at 450 degrees C for 1 hour. 

[0164] the place which investigated the class of compound which performs an X 
diffraction to the magnet particle in which the enveloping layer was formed, after heat 
treatment, and is contained in the mixture section — SmN, Sm2 Znl7, Fe2 N, and Fe3 
Zn7 etc. — it was checked. 

[0165] The resin BONDIDDO magnet was produced like the above using the magnet 
particle in which the enveloping layer was formed. About these resin BONDIDDO 
magnets, when coercive force was measured, coercive force improved to each above- 
mentioned BONDIDDO magnet. 

[0166] Moreover, when the magnet particle which has an enveloping layer by the 
describing [ above ] all directions method, using Sn as an enveloping layer component 
was produced and it measured by EPMA like the above, existence of the mixture section 
was checked. Moreover, in the mixture section, it is FeSn2 as a result of an X diffraction. 
Existence was checked. 

[0167] In addition, it is Tc when a part of Fe of a magnet particle is permuted by Co in 
each above-mentioned example. A rise and 4pils In an improvement row iHc The slight 
fall was accepted. 
[0168] 

[Effect of the Invention] According to this invention, condensation of a magnet particle 
can be prevented in the case of pulverizing in a magnet particle production process, or a 
classification. For this reason, the magnet particle to which it could pulverize very 
efficiently and the path was equal is obtained. 



CLAIMS 



[Claim(s)] 

[Claim 1] R (however, R is one or more sorts of elements chosen from rare earth 
elements) Sm is included as an essential element, five to 15 atom %, and N — 0.5 - 25 
atom % content ~ carrying out — the remainder — T (however, T is Fe, or Fe and Co —) it 
is " with the coarse-grinding process which is the approach of manufacturing a magnet. 



• • o a«H T and obtains an alloy 

carries out coarse grindingoftheh^de^^^^ 

oTrticle The manufacture approach of the ^^f"^' j obtains a mtnding 

wtoch performs nitriding treatment f« ^'^^ding particle and obtains a 
aidthrpulverizing P^^^^^ 

(however. R is one or more of ^^^^^^^^^ ^ZToiS!^^ 15 
ISmTnS Srn is included as an essenUal elemem^O^S 25 a^om ^ ^ 

atom % and N is done, and the remamder f J^^°^^^^';/^^^^^ a magnet. 
TthP «>arse-Krinding process which is the ^PProacn oi m ^ 

:^et;u~grinfgof^h^^^ 
particle It has the nitriding process which^rt^^^ 

Ld obtains a nitridmg P^^^^^^'^t^" ^^c^^d fe Tc about the Curie temperamre of 

and/or pulverizing. . * o «,amiet according to claim 1 or 2 of having the 

magnet particle. «,oanet according to claim 1 to 3 of havmg the 

fSTis-^fBUm^^ 

whose remainder is T (however. ^ « F^' °i (however. R is one or more sorts 

25 atom % content about five to 15 at^ %, ^^^^ contains Sm as an essential element.). 

of elements chosen from rare earth V^^.^,*^f ^ ma^^^ particle is 1.0 

and the standard deviation of the P^^^^^^Xefbv b^Se following. 

micrometers. BONDIDDO magnet f^^^^f^J^^^S^l^ which sSd magnet particle 

raaim 61 The BONDIDDO magnet according ^ ciaun d wi 

Ifm^irfLtured by the approach according to clami 1 to 4. 
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f-<oMm^±$mmz^WLxmmvi'&nf3:-oft^. 

[0 0 5 7] ;/S::te, ^J-«tcBEUTtt. 3Ki^i;i5i;5 
[0 0 5 8] ll5«i[^®Kfl:&BS<& 

5ca:*w*bt». a«Sit«^s!f4aTH. isiarogsftsK 

HrigT*5. C:©«^. lMJS®^^^$S|*3fc^lAU 



«fM¥5-1 7 50 2 2 

JO 

[0 0 5 9] fflEH«l!^0¥^ffi^gti!|ftcS^$n-r. 

[0 0 6 0] ±ieoJ:3CUTISj§3nfcfi8se^T 
e^S®gifl<SII&l. Omb^T, i|$tO. 5tf 
m KTCr-5C:a:*tT#-5. c:®«^Ofi[^g®gfpii 
Uti, KT®J;5lcUT»ffl-r-5. 
[0 0 6 1] «5«^*^afiig«fJi::fJAt--5. ^Ic 

ii-e^nmrnt^. ^sn^^xtft. si-itwr^n 
20 <om^i&=F\z2^<Dmmfi?>y^\,i^5iz^M-r?>. /i 

fe. i®®*|flltt«fiT?J:Vi. «Sft^®l6»i:iittt2 

•r-5. 

[0 0 6 2] J:OJ:3fcUT. »*Ktt2 0 0fflK 

±. J: Dif * L- < « 5 0 0 ffl«±OjS5*i[Tofi^gs 

s-rs4i^fctt, ^&<D^Mizz3\,^rm^m^mmr 

[0 0 6 3] ;/i:te. ^il^t-S«Sg3j?>?^' y m^^^ 
[0 0 6 4] <J)i>xWy HaH>±l2®J:51c:LTS 

±ias5is^Gcne®i'j-rn{ct)»ffl-e»5, 

[0 0 6 5] ffliett^<£3j?>7'^' i/ H«5t®fflt-S^i 

*«&^®^S!Kie®j^essttMt'». -r^ftfc*. ©s?.^ 
®«itt«««i-<»s^®R^b«f ic J; oassii^^ffijctta 

/hS5S^®*css*t4D. m.iU3^tKnm\zmm'i'^m 
■^t\itt'^\zmm^mimm.^^oi^t.rs.-:>xi&.p^\z 

' [0 0 6 6] *fli3H>7*w y H«5Ttt. «ii^lcK5 
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11 

[0 0 6 7] *fc, ^mnwsm^m 

[0 0 6 81 -tUT. «5eT^BI<i!>A*'f >^'»5VJtt 

[0 0 6 9] ^©iiftastt. n^f >y^tt«jBs«i^-r 

©-as i ;S: TaE5«i^^ t afflE^W {d il«5S n-5 ©Tv 

[0 0 7 0] *5!ig-ett, m»«i'*«mraT?«Sr 

[0 0 7 11 EtT, cn&©3p>5*-<5/H«Sfct3V»T 
[0 0 7 2] <«fJli3i^>x^ 5/ H«S> 

[0 0 7 31 «gB&#l^-r-5ifeStt, SSSt^SMC 

t ©M{c^j!fi-r-5iiffi85*tjgfi!tsn#.s^s*a*?-r 

[0 0 7 4] r©±5^^MtUTtt, Sl;^*n5 0~ 
5 0 O'Cg^w^JSmfr. ^^:teJ:y:^srafl:^!fe*tjff 
*U<. fiSJAli. Zn. Sn, Pb. Mg-Ba. Ba 
-Pb, Bl» In, Bl-Ll. Nl-Ce, Ce- 
Ga, Ce-ZnUE1im\i^n^. cn6©5%«f 

[0 0 7 51 «gBtt. «5«i?^«®*«fiL'TViS 
». «SSf±fi85«i^«ffi©il>;*<tfe-eR, »SL< 

ttsffi© 7 0 %jK±«aoTVin«-t-»)&:«at*iRj±sft 

[0 0 7 61 ttSJi©JS$tt. «i(8:^|Bj±©fc»tctt 



(7) !|$Bi¥5-1 750 22 

12 

0. 1 wm £;±, !|$IC0. Sum £t±T&-5J:t*W* 
bVi. Sfc, 1Kfi®©^3©±iB«!^tC7S:Vi*^ SJaM:^? 
>x-^ >y Hji6tUfci€©«5«i^©*«^£iSS< 

[0 0 7 7] a5e^t«aB©-&tffc«-rs«[ 

a^©jt*a. 0. 5'^i5^%-^&:bz.t.i>m^\y 
ttae©a:J?*<H(riE«ii8*«ST*st«as©j?5E 

[0 0 7 81 ^fig 

tt. iK5«i^«ijs!67c^taas«i^^t*««ajc:aft 
[0 0 7 9] jittgBf tr«. msni-m^moi 

<. «C«)['^©Ta:«Ea@«l^;)l£:©^Jam^ 

S*^Zn*>&«^Sn-5«^, JlfiEffitC»> Znr Fe 
3 , Zn> Fei , Sms ZTiiif3iE<D4iSiWiit^9li!fi 
■^m-^tl^Ctim^L<. mzZm Fe. -^Zn. 
Fei ifi-^^-^tl^Zittim^V^^ 
30 [0 0 8 0] }1^ESB©J?S», ii5«fi8*&#*&ai)fC« 
0. 0 5 un £(±. 4$(C0. 5 /^iii£(±-ra6.S>r£:;«t$eF 
*bV>, 2i«8S©J?$©±EiS!|${C!fe<. g^a® 

[0 0 8 1] n.^. i!6a®f fc*5v^T«g:©«5eT*« 

J*3S^©Mfflfc#«Ef -5 C t 

[0 0 8 2] jg«E8B®3£^re*<ti;jf$tt. X«|(HI^^« 
^f-WzfU-'f-^'i i^UT-tv-iif (EPMA) l3.E.\Zii 

«©JPiSttt, «5«t^««i7Cj!i©#^ip*n 0~9 0 

[0 0 8 3] %aji}^^iti©ess«^?©!fi^», Hitas 

Jg^«©«5e^©ifidt*»W)£ U& J: ■S Jfettffi t <t 

se>ttt. «a®j^j^if©fi85!e?©ffij*&Rj titt^ 

2:©«^. ■fk#liailifiglrML.TUy5^ift7c5g*iSca^ 

50 mzim.\yB,<ii.^itJt. m^^^s,\z'f»WLt^z.iL 
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13 

CO 0 8 4] TESC (I) S&HTIBSC 

[0 085] SC (I) R, Ti7».N. 
[0 0 8 6: fc/t-U -hlHiC (I) »4Jg^ltlafifeS||fc 
l^. 0. lSag3, 3<x^4T*S. 

[0 0 8 7] a; (II) R,., Titn. 

[0 0 8 8] ±ESC (II) ttiS^lfciBfigSSt) 

1^, 0. IgbSO. 5. 3<xS4T?».5, 
[0 0 8 9] ±|2S: (I) (C^felJT, a*SirS<ag5fej^ 

[0 0 9 0] ±ES (II) fc*5ViT, b*tWE«iiB5feSi 

[0 0 9 1] (I) TSfcsti*i(a^$:t-r-5«a 
±Ea (II) TStosnsffl^s^^sas 

[0 0 9 2] %Bg;fe^zX?Bfra;^KBt?-fr»fc 

[0 0 9 3] SaSfJ. SgkCVD. :^5XtC 

^ y ^^^<D P V D^ft J: r, ^uet- 
[0 0 9 6J «««I*;|.ip-fcJ:Ojgljg-^ ^ 



^ #il¥5-l 75022 

[0 0 9 7] CCO±5tt8«65X4^Jl,:^-$#^^;i^}S 

[0 0 9 8] *WaB»fc*tJT>t*y7^-5?3>i 

tt, ««©*fts*«e^rafc«ae9x:?^;i,c!i-. mz 

t-5«fii:LTtt. «afAtt, 4$WI)S6 3-4 2 7 2 8^ 

CO 0 9 9] ^*y7a.-i?3>«Si|acr)-MSE|l 
^ftOfr9 5£ir-i^>-y8tffi5i#|nijES^, 

8 (r>nnm s i tr, «i»m- 9 1 1 j: D»^^:g e ice 

«fi^*j«**Ht. l^l^(C*^^^l3>i-9 512*0. *»^JS 
CO 1 0 0] ;<*/7a.— i?3>o|S5©:g.a^^(j ^ 

fWtt 2 0 ~ 4 0 imSL. ^— »if 8 OIsWEStt 8 0 0 
~2 0 0 0rpiiiS^, jaSJj 15^7 0 <cgSit Jg- 

jpfa^o^Fj^ife^stt, 0. 5~io/iiiieat-r.5c 

[0 10 1] Z(oi.o■f3.:f^t^Jv=L~VBy\z^\^x^ 
[0 10 2] Sfc. JKte»t5#tJ;»5teSIS£JK^-r^ 
CO 1 0 3] fti&. ±EU^c#;&SlcJ:r)Sgii€}giS 

CO 1 0 4J K±t^|itffc;^jSoj:5c«5*i^fcjtg 
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15 

[0 10 5] ^^•^n^^m^yT'^ v FffiEcoSirsr 
fumhit^. ^fm-rnitt, mm^^A^ >i^\z^r) 

[0 10 6] 5 5 O'CBTF, Of 

s u< 5 0 0 vsj.T-vm^n^^^'^'^mwu >y 
0. 5~3 ouB sst-r-scts^ssuvi. js^^a 

[0 10 7] >'3'©»5St®iB^«j>t>tr 

?.©Ts 2~2 5#:tt%t-r5Ct*s$FSlxVi. 

m, 0. 2~16t/ctf gflfT^^io 
[0 10 8] IS.^, i:®<fc5;S:«'&, ^SJl^^x-rs/H 

[0 10 9] A*-1'>^''lCj;0fi85fi[^S*S^f SfcfeCD 

Sftfflasflrtt, 5 5 0 *caT, * u < « s o o "cstT 
?R«iaias»5 5 o-cKTTS&ntfiRfCMiBtta 

w@af-rsct*tjfsbvi. w^9m^mm\zmM-^n 
«, itsyV:fV7.^':f'7X-^mmcMm (pas) 

[0 110] A-f >yfc±Da5iK-?€ri^^-r^ 

[0 111] rnm^. i^m-^, is.isi> w&^T:nm 



(9) i^iiV5-1 7 5 02 2 

J5 

[0 112] i:o;5rffitc«V5TJlffifi8tt. /t-f >^<JCJ: 
[0 113] ^Il3p>x^ y H«5*S5i-r5B 

10 m\zmzmmtfs.^^K mx\t. n-iy^^mki^x^m 

t^ii^bfe^. MfHthxn^yiT^mm-^i^m^m 
[0 114] ae^^s?^^^^ >^if>tcfiA-r*;& 

«s {T.y^yvT.m) <0'<>y<.'7\zii^mmr^:^mis. 

20 [0 115] mMiV^^(on'i>^<7>^^mm\zm'&-& 

u-:>x^vi'\^tct^\z^-is.wsimi>m<bn\z<<u 
^^m-i^^^^t.m^\ytct.^\ztmmi)m<u 

D-r€fS®T. Ai-^y®^**! 0~40flc 

[0 116] Sfc, ±IHiiiEiiift:&f^SS, iiMltCI&UT 

£i:$n-5**> ««3fef®Jt«W*Mife}e«®^S3j^> 

+5J')S:«®n'f ^'^'SffiViT^fiufcft, n-oy®- 

SSr»<-p^^. ISS®®^3Sjf<-^^n«, S9Jlif^ 
>7'W -J H«5S}^*£-r-5fi5(c58H«i?®*«*Sa< 

a>-^tim^t^:^mthx\t. M^.\mm^m'b-i^m 
40 i^if*t»*L<. mErxmt^vx/u >y^m 

[0 117] ^li«A'f>^'i:e8E«&5l5A»e.;ft5i5S£«lft 

tt, mm'i'tzii^^xr^mtEnxmmr^ii^. Aw>y® 
si@-r^fi«*»iK5©*®=^^a >j -sa!£;T-t?*^« 

jit*tTfrsoT. ±l5L/«:J;5C«S)ifJc1g»:®a 
5eT*»^^r3n4S-&t«st#tt®ifii±*«"iffit?* 

50 [0 118] ^WL^i:umm-^iSi(Dmm»<omm\t, 
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17 

5 5 O-CKT. J8F*U<tt5 0 orKTi-TS. jfiftft: 

i;Tjii:ss?-rn«.fcv»*^ 1 5 o"c*)KTjSMf ^/t 
[0 119] fs.^. WGm-m^^Ttnb.n'iy^mmt 

[0 12 0] i:ne.o;&^K<kOSi3fi$nfc*R>i?>7* 

[0 12 1] ±faLfc#aeDttfiliJ^<3t>&»CJ:0»* 

[0 12 2] •naiiiolsmimoifS^n^mmM.^iiXm 

ffiSv 2 5 0-4 7 CCICTI 0i)-~5^MgS-e» 
[0 12 3] 2|i:5!?«-rtt, ffiffiBJ^^a, i£J.Stwl£:i;T 

Fes *t-g-*ns*i> 
[0 12 4] «ae®-S5SK5*rs;6f«tti^icKS3 

^ Z n L&4g^, Z n 

?i«aR«^^^)>t?*-5zn7 Pea «. uns® 



(10) #liip5-l 7502 2 

l::5e«»nKJ:V»*», 0. 1~0. 2mol/l Sfi 

®Na2 COa ^*g*5 0~7 O'CeSCJnJflftb. "COi 

[0 12 5] ;a:i3, SieE8S*iJ^f£3nTViiav»<i-&T 
[0 12 6] «tfll§^>-5"^ V YmB<n^m)5m. 

[0 12 7] SJJgd^^T^W y H^a5®S3iti, a«®3& 

[0 12 8] m&^mdi^\cwm3s.<. a>-:fi'y>' 

[0 12 9] ffiti2>A-f >^ti^tMfB«fe<. ii^tt® 
J:Vi. m^\t. n>:/W.;;->3>:j^>7^-f y H«5®« 

^tt#asi^bsij*ffl v^fcx3}?:^-'>«fiiMt?®#assa6!fttt 

^«#UT5 HSJffi^®#ail?jBTMtt^ai?£fflLm«J: 

30 

[0 13 0] mBm.^iin-i>yii<Dm'^:timzmzm 
u:4^>ii^ts, w(iniig^fli^®tr)rn% 

fflV>TfeJ;ti. 3>:/l/>yv'3 >tSJg&5l'itt-f >5^x 
3 >^J^®*#fc#JcWiStt* < , •4i»®^ff=*^ 6 

[0 13 1] fs.^. mm-^>'f-<v]^W6\z\t. ±Mh 
itm^nf-^^rsn-i >y\zta7L. ^mz&\:,'cmm 

[0 13 2] K'^m-i^y^^ V HaE5>±l3«5S!?S 

^mt^>'r'<vYma\zmmt^m'^. ±m\yitm.m.m 

[0 13 3] 

[0 13 4] [*JS«S|1] 

<-&^s^®®ji> 

5i> [0 13 5] S-r, i9i^»fl«JB[RCJ:D«-&^-1'>::J 
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(11) 



5-175022 



19 

CO 1 3 6] 'A\Z. S^^'f >=r-:/ h{::^#:'(b5!iaS:lifi 

-CI 6^mff;ftt>fc. 

CO 1 3 7] m^<t9m^. S'&^-orf.y 

10 13 8] <!gfl;e?©3aiS>J*:t. -^i^fi^fc^ft 

%mm%mzxA 5 o'c-cswrasRffla-rsiitfcJcD 

[0 13 9] <«S«t^Ofiji>»S!»B*=PJffl-r«5^x 
[0 14 0] ^•^>:/JVWk<0«ia>>fx.y hs.juofim* 



It. 

CO 1 4 1] ^IJ-^P^JPSStm+CWAUfc^, 

fc. #6nfc^K*ffli>T. m&\ytz-^m\ziiX>mBik 

COliT3 0 OMtbfc. c:©^st*fflv»T. tt 
10 [0 14 2] arsfc, c:ns«DiJ->:/;Kofi!«* ihc 

-':f<Dm2mmz^»^mM^s.tmmm'mm<r>9 o 

[0 14 3] c:n6©il8*SSi c^r. ni\z 

5^3n5&-<J->:/;l'0+3.U-iiJ!tt, 4 5 0~465 
it? [0144] 

[^1] 



1 























tm 


iHc 


Hk 




No. (UTib) 


CO 


(g/min) 




(kOe} 


(kOe) 


(/xm) 


1 9.05Siii-75.95Fe-15N 


450 


250 


0.5 


12.5 


7.5 


0.4 


2 (iW 9.05Sin-75.95Fe-15N 


25 


60 


5 


11.5 


3.5 


3.5 


3 8.95Sni-76.D5Fe-15N 


450 


230 


1 


13.5 


7.0 


0.6 


4 itiM) 8.95Sm-76.05Fe-15N 


25 


40 


12 


12.8 


3.8 


3.0 



CO 14 5] ^1 tc^sns.t'Sic, mm-tJ:K^m^^x 
fc-^yf)l'\zit^. i^x-y h^)V\zJz^m»»^iflm 

[0 14 6] ;a:*3, v'x-y h5;i'®^3I^SiESA rft«E 

tcs;^. ^<omii±mtmmizhxmBm.'i'^&T&i.rz 4o 
[0147] mmm 2 1 ^isfiai 1 xmm u/t-y >y;v 



>ij'iR«t^A-r-5^fx®ja«*Te« 2 ic^sn-s j; 
^\z^^x»«[^nii^\ ^m^iz-D^^xwmmtim 
mffiw-i^n^m^mi^v. ^»ffl!i®iHc , Hk 

ic^-r. fi^. ^m\t. m&mtmBmtmmmMm 

CO 1 4 8] 
[^2] 
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(12) #iiV5- 1 7 5 0 2 2 

21 22 

m. 2 

mm\(Dmm!im n=?i^ 

Aj—x isxi^ (am) iHc Hk w^m. 

No. CO msim m m w (koe) (Mm) 

1 400 0.80 4.2 15.0 8.0 0.7 

2 450 0.78 4.5 15.8 8.0 0.6 

3 (itiK) 25 1.92 2.05 11.5 4.0 3.0 



[0 14 9] ^2tZS^Sn^i:5C, nWLO-)J7.\Z^K> 
[0 15 0] [^Jg«H|3] 1 T6i§U;/£:^flS)B[? 



[0 15 1] 
[«3] 

3 



^yy-/)\. m. fiSc \^ nfPhT it* iHc Hk ^mm. 

No. (H^ib) CC) (hr) (wtX) (kOe) (kOe) (jum) 



5 9.05SDi-75.95Fe-15N 400 0.70 0.75 14.2 B.5 0.3 

G (irtIS) 9. 05Stn-75. 95Fe-15N 25 2.50 11 13.0 2.5 2.1 

7 8.95Sra-76.05Fe-15N 350 0.75 0.5 13.8 B.3 0.8 

8 (IrWS) 8.95Siii-76.05Fe-15N 25 3.0 7 12.5 1.5 4.0 



[0 15 2] S3fc^snsJ:5l;:, «»*llP38SUfc« 

[0 15 3] i^m^i 

[0 15 4] s-r. xjj«:^^>>i»jg©»5it*«'«sa9fc« 

U X7U-tUfc. 2:®X7U-S, Xt/l^-H^-T 40 

fc. 8kgf/cm2©ffi:*j-C©jt$nTVi-5S 

jtJL 5 Orf A0ialn©55fiOS*:iJXTe;i**-e-&. 
[0 15 5] J*:ViT, «HS^*a>7'l^';/5^3>^Jg 

[0 15 6] C:n60lili:j?>T^ *j H«5fc:3ViT« 



[0 15 7] <wsm(m^ 

[0 15 8] :^-nj7=L—l>^y^ 
V^St^S 1 . 2 MB ® Z n«i^*^S;ftS«[a@lS<BH& 

i^HIIEScl 5 0 Orpm . fflil^m4 OiJ-tUfc. 
[0 15 9] f»CVDj£ 

wmiF.nmm.\%2 o o-ctufc. 
[0 16 0] ^jai>^>7'^ V Ym^a<mw 

1 5 Mm OA-'f>^^®©*t±EiaES&?t 

•OytJJZn (SI;j^4 19*C) SfflV^, }g-&tr«®A* 
>^^®1»7t5©^*4SB 12.5 t Lfc. S-&it& 
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(13) 

23 

[0 16 1] hT'kXg, ^JS3lf>x^.:; 

[0 16 2] &JS3R>7^W y 7 0 

■CCONai COs 0. Smol/l S^JSItSaUTftaeo 

[0 16 3] ±IB#;&^{cJ:t)tta€)^^%. iSiti^;^ 
'CTiNfWfTi'aofc. 

[0 16 4] mmm^. mms^f&BSiVitmsm'izM 

fi<feia'<fct SmN. Snu Zm?, Fei 
Fes Zn? ^*ss|g$n&. i» 
[0 16 5] ««)B*»«Ufc«5«ii^Sffll'». ±8Bt 



!^H¥5- 1 7 5 0 2 2 

24 

[0 166] «fie«^*J»tLTSnSrffltiT 
Ei:ra«fc:UTEPMAK<J:»)«)eu&fcJ:5> JiffiBS 

[0 16 7] ft*, }L^^^<m.i&\^xmm.=f-<r>Y 

e©— g8*Cot?glfebfc«-&, Tc ®±#, 4 7tls 
[0 16 8] 

[^•^©i»w] 

6 

7 ^*y73.-$?3>»[H«B 

8 ^-i^yi/ 

9 1 

9 5 *»*5C0M- 



[01] 



